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ABSTRACT 
 
A novel method is proposed to measure the refractive indices (RIs) of the materials of different 
transparent solid state media. To exploit the advantage of non-contact measurement laser beam 
interferometry is used as an effective technique for this purpose. The derivation of the working 
formula for the new method is presented. The experimental values of RI of the samples are 
consistent with those reported in the literature. The experiment can be set up in less than half an 
hour and the outcome is visually delightful. 
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Introduction: 
 
Refractive index is a number which governs how light changes its direction of 
propagation as it enters one material medium from another. This phenomenon is known as 
refraction and the angles of incidence and refraction of light, referred to the normal to the 
interface of the two media at the point of incidence, are related by Snell’s law [1]. Refractive 
index depends on the color (or wavelength) of light. Tables of values of refractive index for 
various media and wavelengths of light, with respect to vacuum, are readily available [2, 3]. 
Refractive index of a material can be measured by many methods; for example, by using a 
spectrometer in conjunction with a prism made of the experimental substance. With the advent of 
Laser sources, which produce nearly monochromatic light and the development of 
interferometric techniques viz. the study of separation between bright fringes (or dark fringes) 
resulting from the superposition of light waves, originating from a single source but which have 
propagated along paths of different optical lengths (refractive index multiplied by geometric path 
length), it has become possible to make very reliable measurements of refractive index. 
 
Laser beam interferometry is a powerful technique for measuring refractive indices (RIs) 
of gases and liquids. To fulfill this aim, researchers have focused on the use of laser [4, 5] 
instead of conventional light sources due to the exotic coherence properties of laser. The 
interference patterns exhibit extreme sharpness leading to much better experimental accuracy. In 
the present work we propose a novel method to determine the value of RIs of transparent 
materials. In this new approach we sprinkle particles of chalk powder over the transparent 
surface of a mirror having glass at the top. A laser beam is allowed to strike the powder particles 
located on the free (top) surface of the glass slab. The rays get scattered in all directions. One of 
the scattered rays (i.e. a ray resulting from the scattering of an incident ray) leaves the glass 
surface at an angle α (see Fig. 1). Another scattered ray produced by the same incident ray enters 
the glass slab at such an angle (β) to the normal that, after reflection at the back surface and 
subsequent refraction at the front surface, the emergent ray makes an angle α with the normal to 
the front surface.  The first scattered ray (or wave) and the refracted ray (or wave) interfere with 
each other at a large distance (very large in comparison with the diameter of the LASER beam) 
from the mirror and, together with other similar pairs of rays, form a sharp interference pattern. 
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We can easily take snapshots of the pattern by a high resolution camera and analyze the intensity 
distribution by the ‘ImageJ’ software [6]. Subsequently the RI of the transparent material can be 
found using the relevant formula which is derived below.   
 
Theoretical Background: 
In the method being discussed we note that the pattern is the natural consequence of 
interference of the first scattered ray (or wave) and the refracted ray (or wave). As is seen in Fig. 
1, the phase difference between them is (a) 2μd.cosβ X 2π/λ, or (b) 2μd.cosβX 2π/λ – π, 
depending on how phase changes on reflection, where μ is the refractive index of glass.  Other 
scattered rays that enter the glass slab at angles different from β interfere with the first scattered 
ray close to the mirror; they are not responsible for the interference pattern produced at a large 
distance. 
Here, for case (a), if 2μd.cos β = nλ, then constructive interference takes place and a 
bright ring is produced [1]. On the other hand, if 2μd.cos β = (2n+1) λ/2, then a dark ring results. 
(Note that for 𝛽 ≈ 00, 𝑛104, assuming d ~ 2 mm). Between the nth and (n+1)th dark rings we can 
write the expression: 
   2µd δ(cosβ) = 2µd sinβ.δβ = λ      (1) 
 Also,  𝑠𝑖𝑛𝛼 = 𝜇𝑠𝑖𝑛𝛽       (2) 
As β is a very small angle, δβ = δα/µ . Thus we finally obtain 
µ= 2d (sinα. δα/λ)                  (3) 
Here the value of µ  can be calculated by measuring d, sinα and δα. For the nth dark ring, 
sinα ~ tanα  =  R/D       (4) 
where the screen, on which the rings are observed, lies at a distance D from the front surface of 
the mirror (see Fig. 2) and R is the radius of the ring of order n. 
It is worth mentioning that n (order of the fringe) decreases while the radius of the circle 
produced on the screen increases with β. Also, because of the faster variation of cosβ with 
increasing β, the separation between fringes i.e. the difference of radii decreases with the 
decrease in n (as observed). This is mathematically established below: 
First we have from Eqs. (2) and (4), 𝑑𝑅𝑑𝛽 = 𝑑𝑅𝑑𝛼 ∙ 𝑑𝛼𝑑𝛽 = 𝐷 ∙ 𝜇𝑐𝑜𝑠𝛽𝑐𝑜𝑠3𝛼 
Now 
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𝑑𝑅𝑑𝑛 = 𝑑𝑅𝑑𝛽 ∙ 𝑑𝛽𝑑𝑛 = 𝐷 ∙ 𝜇𝑐𝑜𝑠𝛽𝑐𝑜𝑠3𝛼 ∙ (−𝜆)2𝜇𝑑. 𝑠𝑖𝑛𝛽 
or 𝑑𝑅𝑑𝑛 = −𝐷 ∙ 𝜇. 𝑐𝑜𝑠𝛽𝑐𝑜𝑠3𝛼 ∙ 𝜆2𝑑. 𝑠𝑖𝑛𝛼 
    − 𝜇(𝑅2+𝐷2)2𝜆2𝑑𝐷2𝑅 ∙ [1 − 𝑅2(𝑅2+𝐷2)𝜇2]1 2⁄     (5) 
Since 𝑠𝑖𝑛𝛼 = 𝑅√𝑅2+𝐷2 , 𝑐𝑜𝑠𝛼 = 𝐷√𝑅2+𝐷2 ∧ 𝑐𝑜𝑠𝛽 = [1 − 𝑅2(𝑅2+𝐷2)𝜇2]1 2⁄ . 
Evidently |𝑑𝑅𝑑𝑛| increases with n i.e. towards smaller value of𝛽. (Note that as 𝑅 ≪ 𝐷, in general, |𝑑𝑅𝑑𝑛| 1𝑅 ). Conversely, |𝑑𝑅𝑑𝑛| decreases as 𝛽 becomes larger. This means that separation between 
fringes (i. e. their radii) decreases with the increase of 𝑅. This is in accordance with experimental 
results.To improve clarity, let us represent the radius of the ring of order n by Rn. Then 
   
𝑑𝑅𝑛𝑑𝑛 = −𝜇(𝑅𝑛2+𝐷2)2𝜆2𝑑𝐷2𝑅𝑛 ∙ [1 − 𝑅𝑛2(𝑅𝑛2+𝐷2)𝜇2]1 2⁄     (6) 
Using equation (6) we can calculate the value of the refractive index of an unknown transparent 
material:  
   𝜇 = 𝑅𝑛√(𝑅𝑛2+𝐷2) ∙ [1 + (𝑑𝑅𝑛𝑑𝑛 )24𝑑2𝐷4(𝑅𝑛2+𝐷2)3𝜆2]1 2⁄      (7) 
Note that the observed pattern is not an ‘Airy pattern’(reflected by the mirror). The difference of 
radii of adjacent rings, in an Airy pattern, is almost a constant contrary to our observation. 
Moreover, in the Airy pattern, the sizes of the rings depend on the size of the circular aperture 
through which the LASER beam passes before striking the mirror. That is not the case here. 
Again, chalk-powder, an essential element in our experiment, can play no role in the formation 
of an Airy pattern. The pattern being reported is also different from the ‘Quetelet fringes’ [7].  
Quetelet fringes are produced by dust particles which have settled down on a mirror, but they are 
localized fringes i.e. they form close to the surface of the mirror, unlike the fringes observed by 
us. 
 
Experimental details:  
Clean plane thin mirrors (sample I – III) made of glass (ordinary flint) with different 
thickness (sample-I: 12.33×11.11×1.77 mm3, sample-II: 11.61×12.52×3.25 mm3 and sample-III: 
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18.65×17.75×4.82 mm3), and a red transparent plastic sheet with reflecting coating at the back 
surface (sample-IV: 25.65×25.75×0.8 mm3) are taken and the RIs of the transparent covers of 
mirrors are to be determined. In the later part, for convenience, we refer to sample IV as the red 
plastic mirror. For the experiment each of them is placed on a stand in front of a LASER source 
emitting red light of wavelength 660 nm. A screen with a central hole of ~ 2.5 mm diameter is 
placed between the source and glass / plastic mirror. Top surface of the glass / plastic mirror is 
uniformly covered by fine chalk dust. The beam coming out from the LASER source passes 
through the central hole of the screen and falls on the mirror perpendicularly. The presence of 
dust particles causes the change in the direction of the beam by scattering. The scattered light 
falls on the screen and forms alternate red and dark circular rings. The patterns of dark and red 
rings have been captured by a digital camera (Canon EOS 750D, focal length 55mm), which was 
placed behind the mirror. 
The whole experimental set up is shown in Fig. 3(a). Source, screen and sample were set 
up on an optical bench of length ~ 150 cm. The position of the source of the LASER beam and 
the sample position are kept fixed and the images of ring patterns [Fig. 3(b)] were photographed 
for different positions of the screen. Actually the images of rings were analyzed using the 
‘ImageJ’ software. First, on feeding the interference pattern for a sample to the software we 
obtained the graphical profile of intensity corresponding to the pattern. The maxima and the 
minima of consecutive rings of that pattern were easily identified, from which the diameter of a 
chosen ring was measured by comparing it with a specific known length (ImageJ: Menu  
Analyze < Set Scale). 
 
Results and Discussion:  
In this section, graphs of the variation of experimentally measured values of the radius of dark 
ring (Rn) as a function of order number (n) and the nature of (dRn/dn) with Rn are plotted, which 
clearly bring out the agreement between the values obtained from theory and experiment. The 
parameters related to the samplesare given below: Sample-I (Glass mirror of thickness, d = 1.77 
mm with D = 87.3 cm), Sample-II (Glass mirror of d = 3.25 mm with D = 112.3 cm), Sample-III 
(Glass mirror of d = 4.82 mm with D = 117.2 cm) and Sample-IV (red plastic mirror of d = 0.80 
mm with D = 107.4 cm). For sample I we present the (a) part of Fig. 4 to exhibit the intensity 
profile in graphical mode as a sample profile corresponding to the interference pattern obtained. 
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Regarding the variation of the experimental value of radius of dark ring (Rn) as a function of 
order no (n), as are seen in the (b) part of Fig. 4 and (a) parts of Figs. 5-7, we note that the said 
variation has a consistency in all the cases. Again, in part (c) of Fig. 6 and all the (b) parts of 
Figs. 5-7, theoretical and experimental values of (dRn/dn) are shown against Rn. Some deviation 
is found to occur between the theoretical and the experimental values of (dRn/dn) for all the 
samples except Sample II. A remarkable agreement is found for Sample II. In the context of 
repeatability and reproducibility we repeated the experiment for same parametric conditions a 
number of times (at least five) and measured the values of Rn. On the basis of calculated standard 
deviation of data we introduce error bars in graphs.  
 
Experimental values of RIs (μ) of the samples have been measured from the data using 
the expression (3) and the theoretical values are obtained with the help of the expression (7). 
Comparison of theoretically calculated values and experimentally obtained values of RIs of the 
samples are presented in Fig. 8 and also in Table I.  
 
Table 1: Comprehensive chart of experimental (µexp) and theoretical (µ theo) values of refractive 
index for glass mirrors with different thickness (Sample-I, Sample-II and Sample-III) and the red 
plastic mirror (Sample-IV).  
 
Sample No Thickness 
(mm) 
µexp µ theo 
I 1.77 1.57 ± 0.01 1.56 
II 3.25 1.54 ± 0.02 1.57 
III 4.82 1.55 ± 0.03 1.57 
IV 0.80 1.64 ± 0.04 1.62 
 
The experimental values of RI of the four samples are in fairly close agreement with the 
theoretical values, as is evident from Table 1, and also match well with the standard values [2]. 
The RI values of samples II and III were also measured by a method similar to the one reported 
by Uysal [5] and found to be consistent with those given in Table I. 
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Conclusion: 
A new method, involving laser beam interferometry, has been used to measure the RIs of the 
materials of different transparent solid state media. The theory underlying the experimental 
method has been presented in the article. The experimental values of RIs of the samples are in 
conformity with those found in standard literature. The method is so simple that the experiment 
can be set up (in 20 – 25 minutes!) in most undergraduate Physics laboratories and the circular 
fringes obtained by this method are truly spectacular! 
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Figure Captions: 
Fig. 1. Schematic diagram to determine the RI of mirror materials. 
 
Fig. 2. Schematic diagram of reflected (refracted) ray and dark or bright circular ring. 
 
Fig. 3. Experimental setup to determine the RI of mirror materials. 
 
Fig. 4. (a) Plot of intensity variation for  sample-I (glass mirror with thickness d = 1.77 mm and 
D = 87.28 cm), (b) variation of the radius of dark ring (Rn) with order number (n) and (c) 
variation of (dRn/dn) with radius of dark ring (Rn). 
 
Fig. 5. (a) Variation of the radius of dark ring (Rn) with order number (n) and (b) variation of 
(dRn/dn) with radius of dark ring (Rn) for  sample-II (see text).  
 
Fig. 6. (a) Variation of the radius of dark ring (Rn) with order number (n) and (b) variation of 
(dRn/dn) with radius of dark ring (Rn) for  sample-III (see text). 
 
Fig. 7. (a) Variation of the radius of dark ring (Rn) with order number (n) and (b) variation of 
(dRn/dn) with radius of dark ring (Rn) for sample-IV (see text). 
 
Fig. 8. Graphical representations of experimental (µExp: black color solid circle) and theoretical 
(µTheo: half filled blue color rectangle) values of refractive index of three glass mirrors of 
different thickness (Sample-I, Sample-II and Sample-III) and red plastic mirror (Sample-IV). 
Vertical line indicates the error bar of the experimental value. 
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